Strain SJ5A-1 T , a Gram-stain-negative, coccus-shaped, non-motile, aerobic bacterium, was isolated from the brine-seawater interface of the Erba Deep in the Red Sea, Saudi Arabia. The colonies of strain SJ5A-1 T have a beige to pale-brown pigmentation, are approximately 0.5-0.7 µm in diameter, and are catalase and oxidase positive. Growth occurred optimally at 30-33 C, pH 7.0-7.5, and in the presence of 9.0-12.0 % NaCl (w/v). Phylogenetic analysis of the 16S rRNA gene indicates that strain SJ5A-1 T is a member of the genus Ponticoccus within the family Rhodobacteraceae. Ponticoccus litoralis DSM 18986 T is the most closely related described species based on 16S rRNA gene sequence identity (96.7 %). The DNA-DNA hybridization value between strain SJ5A-1 T and P. litoralis DSM 18986 T was 36.7 %. The major respiratory quinone of strain SJ5A-1 T is Q-10; it predominantly uses the fatty acids C 18 : 1 (54.2 %), C 18 : 0 (11.2 %), C 16 : 0 (8.6 %), 11-methyl C 18 : 1 !7c (7.7 %), C 19 : 0 cyclo !8c (3.3 %), and C 12 : 1 3-OH (3.5 %), and its major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, phosphocholine, an unknown aminolipid, an unknown phospholipid and two unknown lipids. The genome draft of strain SJ5A-1 T as presented here is 4 562 830 bp in size and the DNA G+C content is 68.0 mol%. Based on phenotypic, phylogenetic and genotypic data, strain SJ5A-1 T represents a novel species in the genus Ponticoccus, for which we propose the name Ponticoccus marisrubri sp. nov. The type strain of P. marisrubri is SJ5A-1 T (=JCM 19520 T =ACCC19863 T ).
Bacteria of the Roseobacter clade, as described [1] , form a major lineage belonging to the family Rhodobacteraceae within the class Alphaproteobacteria [2] . Bacterial species of this clade are widespread in marine environments and have been isolated from a large variety of habitats, such as seawater, sea ice, marine sediment, marine algae, hypersaline microbial mats, marine biofilms and marine invertebrates [3] [4] [5] [6] [7] . They have a great diversity of physiological properties, which enable them to use a variety of organic matter in marine ecosystems. For example, some species have the ability to degrade lignin, use organic sulfur compounds including dimethylsulfoniopropionate, perform aerobic anoxygenic photosynthesis, aerobically oxidize sulfites, use carbon monoxide, produce antibiotics, or are methylotrophic [3, 6, 8] . Therefore, members of this clade play important roles in oceanic biogeochemical cycles. Hence, isolation and characterization of members of this group are important to extend our understanding of marine bacterial ecology and physiology [9] . Currently, there are two recognized species of Ponticoccus in the family Rhodobacteraceae: Ponticoccus litoralis DSM 18986
T [10] and Ponticoccus lacteus CGMCC 1.12986 T [7] .
In the Red Sea, approximately 25 deep-sea brine pools have been reported [11] . These unusual environments represent some of the most extreme environments on Earth and are characterized by high salinity, high concentrations of heavy metals, and steep salinity gradients with the overlying seawater. Previous studies have shown that the Red Sea brine pools harbour an unusual array of micro-organisms, including some novel phyla only found in brine pools [12] . In this paper, we describe the isolation and characterization of a novel moderately halophilic strain from the Erba Deep brine-seawater interface. Strain SJ5A-1 T represents a novel species belonging to the genus Ponticoccus within the family Rhodobacteraceae.
Strain SJ5A-1 T was isolated from the Erba Deep brine-seawater interface (20 43 .8¢ N, 38 11.0¢ E) during the KAUST (King Abdullah University of Science and Technology) Red Sea Expedition 2011 (16 October-3 November 2011). The in situ temperature, salinity, oxygen concentration, and pH of the Erba Deep brine-seawater interface at a depth of 2400-2420 m were measured as 21.0-28.0 C, 9.4-18.1 %, 0.1-2.7 mg l -1 and 7.6, respectively (Fig. S1 , available in the online Supplementary Material). To isolate halophilic heterotrophic microorganisms, 5 ml brine was collected (using a sterile syringe) and placed in sterile 30 ml glass tubes with screw caps. The contents were grown in enrichment medium (Marine 2216; Difco) with 50 % in situ brine at 28 C for 1 week. The cultures were then plated onto Difco Marine 2216 agar plates amended to a final concentration of 10.0 % NaCl and subsequently purified into single colonies.
For all physiological experiments, we selected P. litoralis DSM 18986
T [10] , P. lacteus CGMCC 1.12986 T [7] and the closely related strain Antarctobacter heliothermus DSM 11445 T [13] as reference organisms. Unless otherwise stated, all of the strains mentioned above were incubated at 33 C in Difco Marine 2216 medium amended to a final concentration of 9.0 % NaCl for strain SJ5A-1 T and to a final concentration of 3.0 % NaCl for the reference organisms.
The size, morphology and motility of cells of strain SJ5A-1 T were visualized using a Leica microscope equipped with phase-contrast optics (DM6000B; Leica) during exponential growth phase. For transmission electron microscopy imaging, cells were harvested from an exponentially growing culture, and the cells were negatively stained with 0.5 % uranyl acetate. The grids were examined under a transmission electron microscope (Tecnai Spirit; FEI). The presence of poly-bhydroxybutyrate granules was analysed by epifluorescence microscopy (BX51; Olympus) after Nile blue A staining [14] . Gram-staining, reduction of nitrate, and hydrolysis of starch, casein, gelatin and Tween 80 were analysed according to previously described methods [15, 16] . The optimal growth temperature of strain SJ5A-1 T was determined after incubation on Difco Marine 2216 agar (9.0 % NaCl) and shaking in Difco Marine 2216 liquid medium (9.0 % NaCl) at 4, 10, 15, 20, 25, 28, 30, 33, 37, 40, 45 and 50 C (at pH 7.5). Bacterial growth was measured as increase in turbidity at 600 nm, using a spectrophotometer (DU 800; Beckman Coulter). NaCl tolerance was tested on Difco Marine 2216 agar and in Difco Marine 2216 liquid medium amended to final concentrations of 2.0-25.0 % NaCl (w/v). Similarly, the pH range for growth was tested by adjusting the final pH to 5.0, 5.5, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0 (at 9.0 % NaCl, 33 C) with the appropriate buffers (Na 2 HPO 4 /NaH 2 PO 4 for pH 5.0-7.0 and Na 2 CO 3 / NaHCO 3 for pH 8.0-11.0). Oxygen requirements and anaerobic growth were tested by measuring the OD 600 of 5 ml cultures growing in Difco Marine 2216 medium [33 C, 10 .0 % NaCl (w/v)]. The headspace of the 25 ml test tubes was filled with different ratios of oxygen : nitrogen and the tubes were closed with butyl rubber stoppers and screw caps. The starting dissolved oxygen concentrations were 6.5, 5.9, 2.1, 0.09 and 0.0 mg l À1 for 21.0, 15.0, 5.0, 1.0 and 0.0 % oxygen (in nitrogen) as measured with O 2 microsensors (Unisense). Oxidase activity was tested using the oxidase reagent kit (bioM erieux) according to the manufacturer's instructions. Catalase activity was determined by pouring a 3.0 % H 2 O 2 solution onto bacterial colonies and observing bubble production. Biolog GEN III MicroPlates (bioM erieux) were used to determine the use of organic substrates as sole carbon and energy sources. Various enzymatic activities were assayed using API 20E and API ZYM kits (bioM erieux). Tests using Biolog GEN III MicroPlates and API kits were conducted according to the manufacturer's instructions, with the exception that salinity was adjusted to 9.0 % (w/v) NaCl. Susceptibility to antibiotics was assessed on Difco Marine 2216 agar (9.0 % NaCl) using the disc-diffusion plate method [17] with discs containing ampicillin (10 µg), chloramphenicol (30 µg), erythromycin (15 µg), kanamycin (30 µg), penicillin G (10 µg), streptomycin (10 µg), tetracycline (30 µg), vancomycin (30 µg), gentamicin (10 µg) or polymyxin B (30 µg). Antibiotic-containing discs were placed on the surfaces of Difco Marine 2216 agar (9.0 % NaCl) plates, and the bacterial cultures (200 µl) that were spread on the plates were checked for clearing zones after 3 days' incubation at 33 C.
Genomic DNA was extracted using a commercial kit (MiniB-EST Bacteria Genomic DNA Extraction kit v3.0; TaKaRa) and subsequently sequenced on the Illumina HiSeq 2000 platform in the biosciences core labs at KAUST. Filtering and trimming of the raw data was done with PRINSEQ v0.20.4 [18] , and the trimmed reads were assembled using SOAPdenovo v1.05 [19, 20] with default parameters. The size of the genome was estimated by k-mer analysis [21] and genome completeness was estimated to be 98.28 % with CheckM v1.0.3 [22] . Protein-coding ORFs were predicted by Glimmer v3.02 [23, 24] . RNAmmer v1.2 to predict rRNA [25] and tRNAscan-SE v1.21 were used to predict tRNA [26] .
DNA-DNA relatedness values were determined as described [27] . The 16S rRNA gene sequence from the genome of strain SJ5A-1 T was submitted to GenBank and compared with available 16S rRNA gene sequences of validly described species retrieved from NCBI BLASTN. Multiple sequence alignments of 16S rRNA gene sequences of strain SJ5A-1 T and the most closely related taxa were carried out using CLUSTALX v1.81 [28] . A phylogenetic tree was reconstructed with the maximum likelihood method using MEGA v6.0 [29] . Neighbour-joining and maximum parsimony phylogenetic trees were also reconstructed to corroborate the phylogenetic position of the strain SJ5A-1.
Cells of strain SJ5A-1 T and the reference strains were harvested during the late exponential growth phase in Difco Marine 2216 liquid medium (9.0 % NaCl for strain SJ5A-1 T and 3.0 % NaCl for reference strains) at 33 C for characterization of isoprenoid quinones, cellular fatty acids, and polar lipids. Isoprenoid quinones were extracted with chloroform: methanol (2 : 1, v/v) from lyophilized cells (300 mg) and purified using HPLC [30] . The fatty acids were identified and quantified by the Sherlock Microbial Identification System with standard MIS Library Generation Software (v6.0 and Date 4; Microbial ID) on a gas chromatograph (6890 N; Agilent) according to a published method [31] . Polar lipids were extracted from 200 mg freeze-dried cell material using a chloroform : methanol : aqueous NaCl mixture (0.3 %, w/v) with the ratio of 1 : 2 : 0.8 (v/v/v), modified from [32] , recovered into the chloroform phase by adjusting the mixture to a ratio of 1 : 1 : 0.9 (v/v/v), and separated by two-dimensional silica gel TLC (silica gel GF254, 0.25 mm thick; Qingdao Haiyang Chemical Company). The first dimension was developed in a chloroform : methanol : water (65 : 25 : 4, v/v/ v) mixture and the second dimension was developed in a chloroform : methanol : acetic acid : water (80 : 12 : 15 : 4, v/v/ v/v) mixture. Total lipid material was detected using molybdatophosphoric acid and specific functional groups were detected using spray reagents specific for defined functional groups [33] . Polar lipid analysis was performed by the identification service of the China Centre for Medical Culture Collections in Beijing, PR China.
Colonies of strain SJ5A-1 T on Difco Marine 2216 (9.0 % NaCl) were pigmented beige to pale-brown and were around 0.5 mm in diameter after 72 h of incubation at 33
C. Strain SJ5A-1 T cells are aerobic, non-motile, coccus-shaped and approximately 0.5-0.7 µm in diameter (see Fig. 1 ), and stain Gram-negative. Poly-b-hydroxybutyrate granules were not found and bacteriochlorophyll a was not detected. Growth was observed at C and in the presence of 3.0-18.0 % (w/v) NaCl. The pH range for cell growth was 5.0-9.0. Optimal growth was detected at 30-33 C, pH 7.0-7.5, and 9.0-12.0 % NaCl (w/v). The novel isolate could not utilize starch, casein or Tween 80, but gelatin was used as carbon source. Nitrate was not reduced, and cells were catalase and oxidase positive. Strain SJ5A-1 T did not show sufficient growth under low oxygen concentration and could not grow under anoxic conditions (Fig. S2) . Other physiological and biochemical characteristics of strain SJ5A-1 T are presented in the species description and Table 2 ). The DNA G+C content of strain SJ5A-1 T was 68.0 mol%, which is nearly identical to P. litoralis DSM 18986 T (67.9 mol%), but distinguishable from P. lacteus CGMCC 1.12986 T (66.2 mol%). Strain SJ5A-1 T contained the following major polar lipids : phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphocholine (PC), one unknown aminolipid (UAL), one unknown phospholipid (UPL), and two unknown lipids (ULs) (Fig. S5) . The polar lipid patterns of strain SJ5A-1 T and P. litoralis DSM 18986 T were similar; however, one unknown phospholipid was absent from the pattern of strain P. litoralis DSM 18986
T . Differences between the major lipid components were also evident between strains SJ5A-1 T and P. lacteus CGMCC 1.12986 T . Cells of strain SJ5A-1 T were susceptible to ampicillin, chloramphenicol, erythromycin, kanamycin, gentamicin, penicillin G, streptomycin, tetracycline and polymyxin B, but resistant to vancomycin; however, cells of P. litoralis DSM 18986
T were resistant to polymyxin B.
By combining chemotaxonomic studies with phylogenetic analyses, we showed that strain SJ5A-1 T is affiliated with the genus Ponticoccus. Although it shares several common features with other species within this genus, substantial differences from its closest relatives, P. litoralis DSM 18986 T (type species of the genus Ponticoccus), P. lacteus CGMCC 1.12986
T and Antarctobacter heliothermus DSM 11445 T , are reported here. Differences in salt tolerance, usage of carbon sources and enzyme activities, antibiotic sensitivity, and acid production are distinguishing characteristics of strain SJ5A-1 T compared with closely related species (Table 1) . In view of the collective phenotypic, physiological and chemotaxonomic characteristics as well as the phylogenetic position, strain SJ5A-1 T appears to represent a novel species belonging to the genus Ponticoccus, for which we propose the name Ponticoccus marisrubri sp. nov.
DESCRIPTION OF PONTICOCCUS MARISRUBRI SP. NOV.
Ponticoccus marisrubri (ma.ris.ru¢bri. L. n. mare, maris sea; L. adj. ruber red; N.L. gen. n. marisrubri from the Red Sea). Cells are coccoid, 0.5-0.7 µm in diameter. After 72 h of incubation at 33 C on Difco Marine agar 2216 (9.0 % NaCl), colonies are pigmented beige to pale brown, and approximately 0.5 mm in diameter. Growth occurs at 15-40 C (optimum 30-33 C), pH 5.0-9.0 (optimum 7.0-7.5), and in the presence of 3.0-18.0 % NaCl (w/v) (optimum 9.0-12.0 %). Cells stain Gram-negative, are catalase and oxidase positive, and are non-motile and strictly aerobic. Nitrate is not reduced; cells cannot hydrolyse starch, casein or Tween 80, but gelatin is hydrolysed. The dominant fatty 
Alkaline phosphatase, acid phosphatase + + + -
Naphthol-AS-BI-phosphohydrolase
Acid production from (API 20E): -
Assimilation of (API 20NE): Data taken from: a, Hwang and Cho [10] ; b, Yang et al. [7] ; c, Labrenz et al. [13] . All other data were obtained in this study. 
